hence contrast medium into the tumour circulation, which did not respond in a normal physiological manner to a low Paco2. These findings had been confirmed by isotopic regional cerebral blood flow studies by other workers.
Dr R I Keen (Royal Infirmary, Manchester) asked Professor McDowall if the Paco2 measurements were taken during his intracranial pressure measurements and, if so, what correlation was found between these and the readings?
Professor McDowall replied that Paco2 measurements were taken throughout each experiment during the measurement of intracranial pressure. On all but one occasion, the values were in the range 30-45 mmHg and, as far as possible, the levels of Paco2 throughout each individual experiment were controlled closely.
There appeared to be no correlation at all between the level of Paco2 and either the supratentorial pressure change with halothane or the change in gradient which cccurred during halothane administration.
Dr A R Hunter (Royal Infirmary, Manchester) wondered whether the 'steal' effect was important if halothane was used for angiography. For example, it would be expected that in a patient with spasm of the cerebral vessels confined to one hemisphere (a situation which was practically never relieved by halothane), the widespread vasodilatation in the normal hemisphere could lead to steal of blood away from the already partly ischemic asea. The same could apply in a patient where the brain is compressed and partly ischemic around an intracerebral clot. Does the future of dental out-patient anesthesia lie with inhalational or intravenous anesthesia, or with a combination of the two? To answer this question it is necessary to know the potential hazards to the patient presented by each technique.
In an attempt to establish what some of these hazards are, this paper compares the effect on cardiac rate and rhythm of four standard dental aneesthetic sequences.
Method
The sequences chosen were: (1) Nitrous oxide/ 20% oxygen/halothane. (2) Nitrous oxide/20% oxygen/Trilene. (3) Nitrous oxide/15% oxygen/ Vinesthene. (4) Intermittent intravenous methohexitone.
The ECG of every patient was monitored continuously from pre-induction to recovery.
Results
In all, 544 patients were investigated: 208 had halothane and 71 (33%) developed abnormal rhythms; 119 had Trilene and 37 (31 %) developed abnormalities; 103 had Vinesthene and 21 (205%) developed abnormal rhythms; 114 had methohexitone and none had abnormal rhythms. Males and females were similarly and evenly distributed in all sequences. Cases developing abnormal rhythms were also equally divided between the sexes. Age distribution: Ages ranged from 2 to 63 years. The range was similar in all sequences. Patients were classified into five age groups: 0-11, 12-23, 24-35, 36-47, 48 and over. About 65 % of patients fell into the first group. Fewer than 10% were over 35. Abnormal rhythms were evenly distributed in the first three groups. In those aged 36 and over the distribution became uneven, due probably to the small numbers involved. Dutration of ancesthesia was similar in all inhalational sequences with a mean duration of about seven minutes. Mean duration in the methohexitone sequence was 3i minutes.
Depth of ancesthesia was estimated clinically. The level of anxsthesia in the halothane sequence was, in general, deeper than in other sequences. Abnormal rhythms occurred frequently in deep halothane anesthesia; in other sequences they were associated with light anwsthesia. Recovery time was measured from conclusion of anmsthesia to a positive response to a request to open the eyes. Normal Trilene and Vinesthene cases had the shortest recovery times. Mean recovery time following methohexitone was significantly longer (P<0 05). Mean recovery time of normal halothane cases was longer still (P<0 05). Mean recovery times of abnormal cases were all significantly longer (P<0 01) than their normal equivalents. Abnormal rhythms: The types and frequencies encountered are shown in Table 1 . 'Mixed' arrhythmias were mixtures of unifocal or multifocal ventricular and nodal rhythms. The proportion of nodal rhythms increased progressively from halothane (0), to Trilene (4-), to Vinesthene () at the expense of unifocal ventricular rhythm. In general terms, nodal rhythm and heart block were induction rhythms, whilst ventricular rhythms were mainly associated with the extraction. The absence of abnormal rhythms in the methohexitone sequence may have been due to rapid sinus rates allowing no time for ectopic pacemakers to establish themselves. A comparison of mean pulse rates in each sequence showed little difference between inhalational agents but marked and significantly higher pulse rates in the methohexitone sequence (P<O005).
Discussion
The significant incidence of abnormal rhythms during inhalational dental anesthesia found in this series confirms the findings of other workers (Kaufman 1966 , Rollason & Dundas 1966 , Tolas et al. 1967 , Tuohy 1968 .
Does unstable cardiac rhythm matter in dental ansesthesia? The very fact that the rhythm is unstable implies abnormal myocardial irritability, Ventricular fibrillation and cardiac arrest might thus bejust around the corner.
Evidence is now available that atrial systole makes an important contribution to ventricular diastolic filling, to competence of the atrioventricular valves and to stroke output (Braunwald 1965 , Linden & Mitchell 1960 , Braunwald et al. 1967 . Falls in arterial pressure and oxygen tension and rises in right atrial pressure have been demonstrated with the onset of nodal rhythm in patients anesthetized with halothane (Laver & Turndorf 1963) .
Isolated and infrequent ventricular extrasystoles are probably of no hamodynamic importance. Indeed, bigeminy may even produce striking increases in myocardial contractility (Braunwald etal. 1967) .
Severe multifocal ventricular extrasystoles, as seen in this series, have more serious hemodynamic implications. They produce several indications (e.g. reduced dp/dt max, rise of ventricular end-diastolic pressure and rise of right atrial pressure) of failing myocardial function (Wallace etal. 1963) .
The poor clinical condition and prolonged recovery of both cases of heart block in this series gave cause for concern. The absence of abnormal rhythm with methohexitone agrees with the observations of Thornton (1970) and Wise etal. (1969) , but differs from those of Rollason & Dundas (1968) and Driscoll et a. (1961) . Rollason & Dundas and Driscoll et al., however , recorded a lower incidence with metho-hexitone than with inhalational agents. Methohexitone does, however, produce supraventridular tachycardias, many of which can hardly be regarded as physiological, particularly in the presence of direct myocardial depression (Doenicke & Speiss 1965 , Sankawa 1965 , Mark et al. 1965 , Northfield 1967 , Beveg rd et al. 1967 , Rowlands et al. 1967 , Wise et al. 1969 . It is a sobering thought that intravenous barbiturates have actually been used to produce cardiac failure in experimental cardiovascular physiology (Ross etal. 1966 Few doctors or dentists would in this day and age withhold pain-relieving or sedative agents and techniques from their patientsunless the agents or techniques themselves hazarded the patient's well-being or led to a deterioration in the quality of treatment. An agent which relieves a dental patient's apprehension is of particular value if it enables satisfactory work to be carried out which would not otherwise be possible because of his lack of co-operation.
Some findings of patient responses under local analgesia with or without diazepam or with methohexitone are reported.
